INTRODUCTION
Amorphous rare-earth transition-metal alloy films have been extensively investigated from both technological and fundamental interests. i--3 In particular, magnetooptical recording on these materials is of great interest today as the most promising way to achieve erasable highdensity information storage. 4'5 Compositionally modulated films prepared by sequential deposition of constituents have been attracting wide attention as a new class of materials because of their unusual properties. Recently, Sato6 reported that compositionally modulated Tb/Fe films showed novel magnetic behavior depending on the repeat distance.
The motivation of this work was to develop a novel magneto-optical recording medium by sequential deposition of Tb and FeCo. In this paper, we report the dependence of the polar Kerr angle and coercivity on the repeat distance in sequentially prepared Tb/FeCo films.
II. EXPERIMENT
The samples were prepared by thermal evaporation of Tb element (99.99% purity lump) from a resistively heated Ta boat and Fe&o10 alloy (99.99%. purity rod prepared by the vacuum induction melting method) from an electron-beam-heated crucible onto glass substrates at ambient temperature in a vacuum of about 1 .X 10 -6 Torr. Sequential deposition was achieved by rotating the substrates above the two sources so that the substrates were exposed alternately to each evaporated flux. The deposition rates from the two sources were monitored by corresponding quartz-crystal sensors. The repeated distance was varied by changing either the deposition rate or the rotation speed of the substrate, or both. Although the repeat distance was varied from 3.5 to 175 A, the ratio of sublayer thicknesses of Tb to FeCo was kept constant in all samples to make the same average composition. The film structure was characterized using a 8-28 scanning x-ray diffractometer and an Auger electron spectroscope. The polar Kerr rotation angle and coercivity of the samples were investigated using a polar Kerr loop tracer equipped with a 632.8-nm HeNe laser. Polarized laser light passed through the bore of a magnet striking the sample at an incident angle of one degree. The reflected light was returned through the bore and deflected via a prism through a photoelastic modulator, a polarizer, and then focused onto a photodetector. The signal from the photodetector was connected to the input of three lock-in amplifiers. The lock-in amplifiers produced signals proportional to the light intensity, polar Kerr rotation, and ellipticity, respectively. A computer was used to ramp the current in the magnet, measure the lock-in voltages and a voltage proportional to the magnetic field, and produce plots of the hysteresis loops. The tester was calibrated by placing a quarter-wave plate in the path of the incident beam and taking measurements before and after rotating it several degrees.
Ill. RESULTS AND DISCUSSION
The growth parameters of sequentially deposited Tb/ FeCo films are listed in Table I . The total number of repeats was reduced with increasing repeat distance to obtain similar film thicknesses. The composition, Tb,r (Fe&o&, was confirmed by inductively coupled plasma spectrometry to be the same in all films produced. A lower Co concentration in the film than that of the corresponding FeCo alloy is believed to be ascribed to a lower vapor pressure of Co than Fe. ' As already reported in Ref. 8, the samples with repeat distances <21 A did not show any low-angle x-ray diffraction peaks, which suggests that the sequentially deposited sublayers were mixed via interdiffusion. By contrast, the samples with repeat distances 231.5 A showed low-angle diffraction peaks, which imply that they have compositionally modulated structures. The modulated structure was directly confirmed by Auger electron depth profiling for the samples with large repeat distances. For instance, Fig.  1 shows a plot of the Auger electron signal with sputtering time for the sample with repeat distance of 70 b;. We clearly see a compositionally modulated structure where the maximum concentration of Tb occurs at the minimum concentration of FeCo. It is interesting to note that the composition profile of oxygen is in phase with Tb. This is evidence that Tb is highly prone to oxidation in a TbFeCo film.
In Fig. 2 , we plot the dependence of the polar Kerr rotation angle on the repeat distance. Here, the Kerr rotation angle is the remnant value where the applied magnetic field is zero. As the figure shows, a Kerr rotation angle of about 0.6" remains constant until the repeat distance in sequential deposition reaches 21 A. In this range, the Kerr rotation angle is essentially the same as that of a coevaporated film of the same composition. When the repeat distance is larger than 21 A, the Kerr rotation angle becomes smaller as the repeat distance increases until no remnant Kerr rotation is developed at a repeat distance of 70 A. It should be mentioned that the saturated Kerr rotation angle .' ,*----.
.. (measured at the saturated magnetic field of 15 kOe) remained constant irrespective of the repeat distance. Since all samples have the same composition, this is expected because the saturated Kerr rotation is mainly dependent on the concentration of FeCo. . Figure 3 illustrates the dependence of coercivity on the repeated distance. The coercivity was obtained from a Kerr hysteresis loop. IntetestingIy enough, a broad maximum of the coercivity occurs at a repeat distance of from about 14 to about 21 A where the coercivity of a film prepared by sequeniial deposition is the same as that of a coevaporated sample of the same composition.
----------------------
The decrease of the remnant Kerr angle and coercivity for the samples with a repeat distance larger than 21 k is easily understood. In this range, in-plane magnetization might be introduced in the FeCo rich layers. In-plane magnetization is expected to increase with the larger repeat distance, since a larger portion of the transition-metal layers will be uncoupled.
The Repeat distance, A(& for the sequential depositions of Tb and FeCo is not clearly understood yet. As mentioned earlier, the samples with the repeat distance in this range did not show a modulated structure. So, the sublayers of the two constituents might be mixed with each other. We hypothesize two types of mixing-"inhomogeneous" mixing and "homogeneous" mixing. It is well known that a thin film prefers island formation until it reaches a certain minimum thickness.g Therefore, in the sequentially deposited Tb/FeCo films one might speculate that %homogeneous" mixing of the two constituents, due to island formation for thin sublayer thickness, takes place until a minimum repeat distance of about 14 w is reached. Then, homogeneous mixing might take place for the repeat distance between 14 and 21 A.
Since the coercivity is sensitive to the atomic structural configuration, one might ascribe the novel coercivity characteristics of samples prepared at repeat distances below about 14 ,& to a change in atomic-pair ordering depending on the local atomic configuration. The insensitivity of the Kerr rotation angle to the repeat distance might be due to the relative insensitivity of the Kerr rotation angle to microstructural variation since the Kerr rotation mainly originates from the transition-metal constituent in TbFeCo films." Since the deposition rate was changed, it is possible that the effect of differing degrees of oxidation of Th could also have an effect on the observed El, behavior.
From Figs. 2 and 3, we would like to point out that TbFeCo films produced by the sequential deposition of Tb and FeCo at repeat distances of about 14 A or less possess unique properties that make them particularly useful as magneto-optical recording media.
IV. CONCLUSIONS
In sequentially prepared Tb/FeCo films, the polar Kerr angle and coercivity were investigated with varying the repeat distance. A novel behavior was observed for the samples at the repeat distances of 14 w or less, which had a nonmultilayer structure. The coercivity of these samples was lower than that of a coevaporated iilm, even though the polar Kerr rotation was the same in both cases.
